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THE DEFENSE TERRESTRIAL REACTOR PROGRAM

W. L. Kirchner and B. W. Colston

LOS ALAMOS NATIONAL LABORATORY
Los Alamos, NM 87545

ABSTRACT

The Defanse Terrestrial Reactor (DTP)
Program has as ite goal the design, construc-
tion, and operation of ‘a compact, inhersntly
safe, prototype 10 megawatt~electric (MwWe)
nuclear reactor. This standarized dceign
could then be ' deployed to provide a secure
energy supply for misaion critical functiouns
at selected military 1installatioms. This
paper outlines the background for selecting
nuclear reactors for this application, in-
cluding military power requirements and an
asseasment of energy supply alternatives; and
developments in reactor technology, both de-
sign {nnovation and management techniques,
that might be employed in the DIR Program to
avoid the problems besetting the commercial
reactor gector, A program plan for achieving
a fully opera:ional prototype in five years
from date of prime contract award is included.

BACKGROUND

The Los Alamos National Laboratory
recantly conducted a feasibility study on
compact nuclear reactors for land-based
defense applications (1). The motivation for
examining reactors for these applicationr itan
tha following: 1) recent studies of military
bages indicated that energy esupplies, bhoth
electrical and mobility fuels, necessary to
perform wmission critical functions are vul-
nerable to interruption; and 2) an evaluation
by Los Alamos that compact reactors are a
rational choice in addrexsing the energy vul-
nerability dasue, The weight put on the
firat item is indicated by racent Department
of Defense (DoD) guidance on energy, signed
by Secretary Weinberger: "Defense energy
priorities include: 1) energy supply assur-
ance, « . +° and "Defense components will
program regources, in compliance with thase
priorities, and strive to: 1) ensure energy
security for key facilities . . . ."%* The
renewed interest in the nuclear option de-
rives from the obvious logistical advantrges
nuclear has over other aiternatives aud from

*Source! "Resources Planning Guidince,”
FY 83~ [4 {danc Chap., 3§
BEfe T 3% ol idence hape 3,

recent design efforts that indicate substan-
tial cnst reductions, improved performance,
inherent hardenability, and increased safety
margins are to be gained by using compact
reactor designs.,

MILITARY STATIONARY POWER REQUIREMENTS

A 1978 gurvey of Air Force (a potential
DTR user) energy use by commands revealed
that electrical energy usage is substantial,
averaging over 10 MWe per base. Over half
the Alr Force bases have peak power require-
ments well in excess of 10 MwWe, and under
alert status, mission critical loads for
these bases can range from one-half to the
average peak 1lnad. Also, the average base-
load demand is about one-half to two-thirds
of the peck demand., Table I lists available
data by command ‘2)., The 10 MWe size for the
DTR was chosen because it provides a nominal
match to power demands, both average and mis-
sion critical, fur approximately half the
bases surveyed. Two 10 MWe units could sup-
ply the electrical power requirements for
approximately an additional third of the
bases surveyed.

PRIMARY ENERGY SOURCES

Most military inatallations depend al-
most entirely on the commercial grid for
prime electrical power. Because the disrup-
tion of this power supply (and mobility fuel
supplies), by rabotage, terrorist activities,
or extreme weather conditions, can have
severe consequences for a milictary installa-
tion, the capability to provide a secure, on-
base, energy supply is deaired., In analyeing
anergy alternatives to meet miesion-critical
ani energy independence goals, succesasive
fil%ers of geographic availability, contin-
uous wupply, available technology, harden-
ability and surviveoility, logistical re-
quirements, and cost were applied to arrive
at a recoumendation on acceptable levels of
eunargy vwurety (eafety, security, and reli-
ability). Tsble II, adapted from Freiwald
(3), catilogs the primary energy souirces and
shows tow successive application of the

“filteis" yields nuclear and oil as the
recuamanded” gecure enatgy souicas.



TABLE I

AF STATIONARY POWER DEMAND BY COMMAND

Total Base ‘I.:::e :::tnhl'{
No. Avy. Peak  Avg. Paak  High/low  [ersy Rages
Command Bases (Mig) (MWe) (MWe) (MBtu)
Alaskan Alr Commandl 3 45,5 15.2 18/11.5 0440, 000
(AAC)

Air Defense Command? 10 18.? 1.8 5/1.0 0-240, 000
Alr University, 4 43.4 10.9 14/6.2 100,000~
Acadeny Command 325,000
Logistics Cowmand 7 256.0 36.6 75/5.0 0-525,000
Reserve Bases3d 8 13.0 1.6 4/0.5 0-80,000
Systeas Command* 10 $00.0 50.0 320/5.0 0-240, 000
Training Command 14 201.0 14.4 34/5.0 0-1%0,000
Military Alrlift 12 211.0 17.6 37/10.5 0-180, 000

Command?”
Strategic Alr 28 264.0 9.4 30/1.5 n-200, 000
Command®
Tactical A'r Command 15 187.0 12.5 /1.0 0-15,000
AP Total 111 1739.1 15.7 320/0.5 0-525,000

1) Excluding AAC A stations.
2) Including DEW Line system.
3) No data for Willow Grove.

4) Very approries.s *igures (includes AEDC).

3) No data for Popa AFB.
6) 1573 data.

7) Zero implies minimsl thermal requirements compared to peak,

MBtu are willion of British Thersal units.

The nuclear reactor option has numerous
advantages as a secure energy rource fov
military hases, particularly if the nuclear
reactor 1. also used to supply baseload elec-
trical power during normal operation. The
principal advantage is that the reactor f{is
capable of several years operation without
refueling. An additional core can be kept {n
storage at all times to provide further ex-
tended operation without off-base logiatice.
Compared to oil-fired power supplies this f{s
a aignificant 1logistical advantage. Alaso,
the fuel supply for the reactor has a vary
small volume and is, therefors, very easy to
protect as compared to fossil fuel stores.
When operated as a baseload power plant the
reactor provides dimproved reliability as a
secure energy source under alert status and
enerjiercies. The personnel are familiar with
plan: operation under a variety of condi-
tiors, and the plant does not need to be
stcrted from cold shutdown. Continual re-
fueling operations are also eliminated.

ECONOMICS

To provide a relative economic perspec-

tive for nuclear and non-nuclear power

generation costs for a secure power supply on

military bases two comparisons are pre-
sented, First, a simple comparismon is of-
fered. The real cost that a nuclear plant

nust be competitive with ia the purchased
cost of electricity on a military base plus
the cost of standby generating equipment for
alert and emergency situations (iancluding
capital, personnel, maintenance, fuel inven-
tory, and periodic operational tasting
costs). The median industrial cost of pur-
chased power in the U.S. 1s about 6€/kWh an:
varies from a low of about 2.5¢/kWh 'n the
Pacific Northwest to a high of about 12.5¢/
kWh in the San Diego area. The cost of the
atandby power supply (levelired agaivst a
10 MWe basis) adds an incremental cost of
approximately 24/kWh [assuming 10 Mwe in-
atalled capacity at $1000/kWe installed, one
aonth fuel storege capacity and fuel consump-
tion per vyear, a 1é/kWh operational and
maintenance (0&M) component, and a 37 year
plant life).

A more conventional economic analysis
conts nucloar versus oil-fired options for &
baselosd wsystem, Aasuming a 90X cn,ucu:y

factor, 30 year plant lifetime, and, 25X
ficiency, a foss{l-fired system at ‘1000/kWe



TABLE I1I

ANALYSIS OF PRIMARY ENERGY ALTERNATIVES

Summary
Primary ide Sezure Good of
Energy Geographic Continuous Current Fuel Fuel Acceptable
Sources Availability JAvailability Technology Survivable Storage Logistics Alternatives
1. Biomass No No Yes No No No Ko
2. Coal Yen Yea Yes Limited Yes Yes Limited
3. Geothermal No Yes Yes Linited Yes Yes No
4, Hydro No Limited Yes No No NA Ko
5. Natural Gas Yen Yeo Yes Lisited ldmit>d Yes Linited
6. Nuclear Yes Yea Yes Yes Yes Yes Yes
7. 011 Yes Yes Yer Yen Yes Yes Yes
8. 011 Shale
& Tar Sands No Yea No No Yoo Yes No
9. Ocean Thersal No Yes No No Yes Yes No
10. Refuse-Derived
Pueis Yas Limited Lisited Limited Yas Limited No
11. Solar Limited No Limited No NA NA No
12, Wiad No No Yes No NA NA No

NA = Not Applicable.

installed, $1/gal oil consumed, and a 10-man
ataff has a total power cost of approximately
7¢/kWh, of which 4.5¢/kWh 1is fuel cost, 2¢/
kWh 18 O&M coat (0.5¢ operation and 1.5¢
maintenance), and 0.5¢4/kWh 1is capital cost.
A nuclear system at $5000/kWe installed, a
20-man staff, and an annual maintenance cost
of 1% of initial capital cost results in a
total pover cost of approximately 5¢/kWh, of
which 1€/kWh 1is fuel cost, 2¢/kWh is O0&M
cost, and 2¢/kWh is capital cost. The capi-
tal recovery cost of the 10 MWe nuclear power
plant is very sensitive to the real cost of
money, varying from approximately 2¢/kWh for
0% cost of money (realistic for defense
financing). to 4¢/kWh for 5% cost of money (a
realistic aspumptiuvn), to 6.5¢/kWh for 10%
cost of money (specified by OMB for govern-—
ment capital projects). In contrast, fossil-
fired unit operational costs are very sensi-
tive to fuvel costs, rieing approximately 1¢/
kWh per 25¢/gal incremental cost. Hence the
nuclear option has the advantage of lower
operational costs and protection against cost
escalation during plant lifetime at the ex-
pense of a higher initial capital invest-
ment. While economics is not the overriding
factor in secure power source selection, {1t
does set design goals for installed nuclear
capital and oparational costs.

CURRENT REACTOR TECHNOLOGY

The concept of small or compact reactors
is not new; two IAEA Proceedings on small

reactors from the late 1960's illustrate sev-
eral deaigns (4,5), and many small fixed and
mobile unite were built here aad abroad in

" the 1950's and 1960's (see Table IV in Rcf.

1). In principle, many of these designs are

applicable for the DTR system, including
lizght water reactors (LWRs), 1liquid metal
reactors (LMRs), and gas cooled reactois
(GCRs).

In assessing the nuclear option, the
major nuclear vendors were contacted. As
a result of these interactions, and new
developments In reactor technology here ari
abroad, several candidate designs for this
application were didentified. These designs
offer the promise of substantiai improvements
over their larger commercial counterparts in
terns of inherent safety, ease of operation
and maintenance, compactness and harden-
ability, raduced cost (vr, scaling down a
large 1000 MWe plant), shorter construction
schedulen due to factory fabrication and as-—
sembly, and improved reliability and avail-
ability. The operative principle 1is to
achieve, through innovative design and
management practices, an optimal design
balancing 1{nherent safety, existing tech-
nology, performance, and coats.

DTR PROGRAM PIAN
A DTR Program plan has been

for design, siting, construction,
view, and training for a

developed
safety re-
full power
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Fig. 1. DIR selection model decision tree.

operational prototype in five years, or less,
from the date of prime contract award.
Bec.use several designs potentially address
the stated requirements (five year schedule,
10 MWe capacity, high level of safety, high
availability, ease of operation and mainten-
ance, design amenable to hardening and sur-
vivability, and "competitive” cost), a Phase
I, design study request for proposals (RFP)
will be issued. Selection of the conceptual
design, hence prime contractor, will be based
on a relative assessment of submitted reepon-
ses using a weighting naystem determined by
the user's requirements (e.g., air Force) and
stated program obhjectives. An 1illustrative
decisior tree for making thir selection is
shown in Fig. 1. For a reactor of this size,
the typical architect/engineer, nuclear ven-
dor relationship that exiaits in the coamer-
cial gector can be altered guch that a single
prime coutreci 18 awarded for Phames II and
II11 (detailed design, fabricaticn, construc-
tlon, training, startup and acceptance test-
ing). This is {illustrated in Fig. 2. A
schedule to achieve the program objectives 1is
shown in Fig. 3. Independent sarfety and en-
vironmental reviews will be conducted by in-
ternal Department of Energy organizations.
Subsequent to protcrype operation and test-
ing, those design modifications that wuuld
significantly enhance plant performance or
reduce costs will be incorporated into a
standardized final design for deployment at
mititary inrtallatione.

CONCLLUIS IONS

The following conclusjons from this
paper are drawnt

1. Existing military energy systens, espe-
clally the electrical power supplies are
vulnerable to interrupticn,

2. Military stationary power requirements
are substantial (average greater than 10
MWe/base) .

3. For most applications the use of a nu-~
clear reactor as a secure power supply
i1s technically the beat option.

4, Compact nuclear recctors (10 MWe) have
inherent safety advantages over their
larger commercial counterparts (1000
MWe), are amenable to hardening and
automated operationr, and can be cost
effective due to factory fabrication and
sasembly, reducing field construction
costs and achedules, while improving
product reliability.

5. The technology exista to deploy compact
reactors for military applications with-
in this decade (by 1990).

6. The nuclear option 1is economically
conpetit‘{ve with alternate secure energy
oystems, especially 4if the cost of
procuring standby backup equipment 1is
sdded to current utility costs.

A program plan was outlined with the
twofold objectives of designing, construc-
ting, and testing a prototype DIR by the end
of this decade, an¢ providing a etandardized
design for future deployment at selected
militery irstallations. The DTR Program of-
fers the military an economically competi-
tive, alternate secure power asupply, while
aloo providing a measure of energy independ-
ence for military installations.
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